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Synopsis
The formula for computing the tensile strength of concrete for
the. split cylinder test was first derived using the theory of linear
elasticity. An identical formula was derived recently using the theory
of perfect plasticity. As a result, a new indirect tension test, the
double-punch test, was proposed. The double-punch test was examined
experimentally, and the effects of several parameters were investigated.
From the analysis of the results of the effects of the different variables,
and from a comparison with the tensile strength of concrete as determined
by the split cylinder test, a method for performing the double-punch
test to obtain the tensile strength of concrete was proposed.
lAssociate Professor, Dept. of C.E., Fritz Laboratory, Lehigh University,
-Bethlehem, Pa. 18015
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Introduction
The tensile strength of concrete can be obtained from several
different tests, such as direct pull tests on briquettes, flexural tests
on beams, splitting tests on cylinders or cubes and ring-tensile tests
[lJ. The most common one is the indirect split cylinder test ~lso known
as Brazilian test). In countries m1ere the compressive strength is
determined from cubes rather than from cylinders, the tensile strengths
have been obtained using a split cube or a cube specimen tested dia-
gonally. However, there are drawbacks connected to each of these tensile
tests. Recently, a new alternative test for concrete, the double-punch
test has been developed. In this test, a concrete cylinder is placed
vertically between the loading platens of the machine and is compressed
by two steel punches placed parallel to the top and bottom planes
similar to the split cylinder test (see Fig. 1). Much experimental
work has been done to determine a testing procedure and to observe
whether the new test accurately reflected changes in strength brought
about by varying curing,F casting, and testing procedures [2J. This
study has led to a mare thorough understanding and greater applicability
of the new test. The ultimate goal in this study is to prepare this
test for acceptance into the specifications of the American Society of
Testing and Materials.
Stress Distribution and Mode of Failure
The compressive loading transferred to the specimen through
the steel punches produces a stress distribution which has been shown
to give an almost uniform average tensile strength over all of the
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cracked diametral planes represented by the following formula [3J:
where £' = tensile stress
t
Q applied load
b = radius of cylinder
H = height of cylinder
a = radius of punch
(1)
valid for b/a ~ 5 or H/2a ~ 5. For any ratio b/a > 5 or H/2a > 5, the
limiting value b = 5a or H = lOa should be used.
The ideal failure mode for the double punch test is for the
specimen to fail in many radial cracks [see Fig. 2J. Since the strength
is an average value, the greater the number of these radial cracks, the
more accurate the value of the strength. Many cracks also indicate
more even stress distribution in the test specimen; Where the specimen's
top and bottom surfaces are very rough or not parallel to each other,
the specimen may fail in only two cr~cks [Fig. 3J, and usually at a
significantly lower load. Most specimens fail in three or four cracks.
In the split cylinder test the plane of failure of the specimen
is predetermined. That is, it will crack vertically whether that plane
happens to be the strongest or weakest area of the specimen. In contrast
to this, the double punch test does not predetermine the failure plane
and so will fail in tile weakest planes. This explains the consistently
lower strengths obtained for the double punch test than that of the
split cylinder test.
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Results
Effect of Dimensions
The effect of changing the ratio of specimen surface area to
the loaded area was investigated by varying the punch diameter from 1.0
(2.55 cm) to 1.5 (3.80 em) to 2.0 (5.10 em) inches, while keeping the
specimen diameter constant at 6 inches. (15.20 em). By varying the
cylinder height it was possible to determine the effect of height,
diameter, and loaded area versus tensile strength.
The relationship between the split cylinder tensile strength
and double~punch tensile strength ratio with various specimen heights
is shown in Fig. 4. The results included in Fig. 4 show that the double-
punch tensile strength is uniform for all specimen heights with a 1.50-
in. (3.52-cm) diameter punch except for the 4-in. (lO.20-cm) cylinder
height.
In Table 1, a comparison between the tensile strength of the
6-in.-high cylinders and' the 6-in. cubes is shown. Note that the
values of fl/ff in Table I, are almost identical. The values used for
c t
£1 are those of the standard 6 by 12-1n. (30.4-cm) compression cylinder
c
and the 6-in. compression cube. The values of f~ are double-punch
tensile strengths calculated from Eq. 1.
Effect of Concrete Mix
A comparison between the double-punch and split cylinder test
at different concrete mix proportions was made by varying the water
cement ratio as given in Table 2.
Sample
TABLE I-Double-punch lest io-r 6-in. h1:gh c-ylinders and cubes.
Simple
Curing condition, Punch dianleter, Average Ultinlate Double-Punch, Conlpression,
days in. (em) Load," Q kip (kg) .it' (kgfjpsi) cn12 fe' (kgfjpsi) cm2
Ie'
ft'
1.0 (2.54) 26.70 (12.1) 575 (40.3) 6510 (457)
28 rvIoist 1.5 (3.82) 31.32 (14.2) 473 (33.2)
6 in. Cylinder 2.0 (5.10) 38.15 (17.3) 590 (41.4)
1.0 (2.54) 31.82 (14.5) 685 (48.1) 6960 (488)
28 Air Dry 1.5 (3.82) 33.72 (15.3) 510 (35.8)
2.0 (5.10) 38.94 (17.6) 602 (42.2)
1.0 (2.54) 28.96 (13.1) 624 (43.8) 7190b (505)
28110ist 1.5 (3.82) 34.18 (15.5) 549 (38.6)
6 in. Cube 2.0 (5.10) 39.62 (18.0) 613 (43.0)
1.0 (2.54) 28.70 (13.0) 619 (43.4) 71906 (505)
28 Air Dry 1.5 (3.82) 33.46 (15.2) 507 (35.6)
2.0 (5.10) 40.74 (18.5) 631 (44.3)
a Average of three tests with natural surface.
b Colnpression cube.
11.3
13.7
11.0
10.2
13.6
11.5
11.5
13.1
11.7
11.6
14.1
11.4
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Table 2 Regular Concrete Mix with Various Water Cement Ratios
Water Simple Split Coefficient Double Coefficient
Cement Compression Cylinder of Punch of
Ratio psi (MN/m2 ) psi (MN/m2 ) Variation% psi (MN/m2 ) Variation%
.4 5396 (37.21) 505 (3.48) 2.16 376 (2.60) 4.89
.5 4907 (33.83) 506 (3.49) 3.17 394 (2.71) 6.96
.6 4176 (28.79) 461 (3.18) 9.76 373 (2.57) 1.79
.7 3634 (25.06) 398 (2.742 9.68 354 (2.442 3.76
As can be seen, the double punch tensile strengths closely
parallel the strengths given by the split cylinder tests with signi-
ficantly lower variability in the upper water cement ratios.
Effect of Curing and Aging
The test was undertaken to determine if specinlens tested by
the double punch method reflected the same strength changes throughout
its curing period as those tested by the split cylinder test method.
Both regular and lig11t\\le~ght concre-te was studied in this test. Figure
5 shows the parallel correlation between the two tests for both bypes
of concrete. This therefore indicates the sensitivity of both methods
to record the strength changes with time.
Effect of Wooden Bearing Discs
Plywood discs, 1/8 in. thick and \vith diameters corresponding
to those of the metal punches, were used to determine the effects of
surface roughness between the punch and the specimen. The ratio between
the double-punch tensile strength with the punch bearing directly on
the surface and the double-punch tensile strength with wooden discs
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between the punch and the specimen is shown in FigG 6. .It can be seen
that the difference is not significant; if the surfaces of the specimen
are troweled smooth during casting, no. wooden discs are necessary.
Effects of Stressing Rat~
The influence of the rate of stressing on the double-punch
test was determined using lightweight and regular concrete specimens
stressed at ranges of from 100 psi/min (0.69 MN/m2 /min) to 1000 psi/min
(6.89 MN/m2 /min). The results are ShOM1 in the Fig. 7 and from that
it is suggested to a stressing rate of 100-200- psi/min (0.69-1.38
MN/m2 /min).
Effect of Molds
In split cylinder testing cylinders cast in cardboard molds
give specimens with lower strengths and higher variability than speci-
mens cast in steel molds [4J.
Regular and li~htweight concrete specimens were cast in both
cardboard and steel cylinder molds. Standard 12 in. (30.50 em) card-
board molds were cut to 6 in, (15.20 em) heigh~s and false bottoms were
made for the steel molds. Cube specimens were also cast in both plywood
and steel molds.
The results in Table 3 show the double punch test consistently
reflects greater strengths and lower coefficients of variation in the
case of steel molds. This therefore indicates the sensitivity of the
double punch method to record these changes.
Table 3 Effect of Mold Type on ~2ecimen S~~~ .
Cylinder Cube
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Cardboard Steel Plywood Steel
Regular Strength psi (MN/m2 ) 333 (2.30) 364 (2.51) 335 (2.31) 354 (2.44)
261 (1.80) 264 (1.82) 271 (1.87) 274 (1.89)
Coefficient of Variation 5.98
Light- Strength psi (MN/m2 )"
weight
Coefficient of Variation 2.18
Effect of Testing Machine
2.07
2.64
1.53
2.99
1.32
1.78
Testing machine conditions may significantly affect the
measured strength of concrete. Care must be taken to accurately align
the punches and specimen in the testing machine. Each of the testing
machines used was fitted with a spherical bearing block on the upper
platen. Tests were made on the type of lubricant used on the upper
platen. With a poor lubricant, the platen is able to move initially
but then breaks down under load and becomes effectively fixed. With
a high pressure lubricant the spherical bearing block is able to
adjust throughout the loading.
In this test a low grade all-purpose grease was compared
to a high pressure graphite lubricant. Again, as with the mold test,
the double punch test was sensitive to this condition and able to
accurately reflect the changes. In the case of the high pressure
graphite lubricant the strength was significantly higher due to the
more evenly distributed load and the coefficient of variation was
sharply lower than with the poor lubricant.
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Table 4 Effect of Two Types of Lubricant on Measured Strengths
High pressure lubricant
Poor lubricant
Strength
ps i (MN/m2 )
361 (2.49)
329 (2.27)
Coefficient of Variation
%
1.69
11.3
It was also decided to investigate the effect, if any, of the
size of testing machine used. The results are given in Table 5.
Three machines, a 300 kip (340 metric tons) Baldwin hydraulic machine,
a 12C kip (136 metric tons) Tinius-Olsen mechanical machine, and a
60 (68 metric tons) Baldwin hydraulic machine were used for this test.
The measured double punch tensile strength of concrete is seen to be
insensitive to the size of testing machine.
Table 5 Effect of Three Types of Testing Machine on the 11easured Strengths ~
Strength
psi (Ml~/m2)
Coefficient of Variation, %
60 ktp
361 (2.49)
1.49
120 lzip'
362 (2.50)
1.61
300 kip
358 (2.47)
3.10
Effect of Sawed Specimens
Full size 6x12 in (15.30x30fSO em) cylinders \\Tere sawed in
half to make two 6 inch cylinders useable for double-punch testing.
Top and bottom halves were tested to determine any differences in
double-punch strength. The tests were undertaken at different labora-
tories, Fritz Engineering Lab, Lehigh University and at the Lehigh
Portland. Cement Company (LPC).
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Table 6
Strength, top half, psi (MN/m2 )
Strength, bottom half, psi (MN/m2 )
Fritz Lab
333 (2.30)
374 (2.58)
LPC Lab
324 (2.24)
366 (2.52)
As can be seen by the data in Table 6, the strengths of the two halves
are not the same, and the bottom specimens are significantly stronger
than that of the top specimen.
Advantages of the Double Punch Test
There are four primary advantages of} the double punch test
over the split cylinder test. These are:
1. It gives an average tensile strength which exists over all
of the failure planes, and a "truer '1 strength than the split
cylinder test because of the weak link theory.
2. It is simpler to perform than the split cylinder test method.
3. Because the ultimate load needed for failure is much lower
(20-30 kips compared to 40-60 kips), a smaller machine can
be used. This·makes the test more attractive for field tests
with small protable testing machines, or in laboratories
which do not have large machines. For example, the double-
punch test could be tied in with routineCBR or compaction
tests for soils, hence, no additional equipment is needed for
the determination of the tensile strength of soils (or. sta-
bilized materials) [5J. Similar examples may be found in the
testing of rock [6J.
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4. For those countries which use cubes for compression tests,
the double-punch method is much easier than the diagonal
split cube procedure.
Conclusions
In order to standardize test procedure and therefore make
results reporducible from laboratory to laboratory it is concluded
from preceding tests that the following specifications should be met:
1. Use 6 in by 6 in test cylinders
2. Use 1~ in diameter steel punches
3. Plywood bearing diBCS are not required
4. Specimens should be loaded at a rate of 100-200 psi per
minute
5. A high pressure lubricant should be used on the spherical
bearing block for lower testing variability during the
double-punch test.
Acknowledgments
The research reported herein was supported by the National
Science Foundation under Grants GY-9989 and GK-14274 to Lehigh University.
-11
References
1. Hannant, D. J.
liThe Tensile Strength of Concrete: A Revie,\\7 Paper tJ , The
Structural Engineer, The Journal of the Institution of
Structural Engineers, London, England, Vol. 50, No.7,
~uly 1972, pp. 253-257.
2. Chen, W. F. and Trumbauer, B. E.
tlDouble-Pun.ch Test and Tensile Strength of Concrete1l , Journal
of Materials, ASTM, Vol. 7, No.2, June 1972, pp. 148-154.
3 • Chen, 1v. F.
"Double.... Puncll Test for Tensile Strength of Concrete", Journal
of the American Concrete Institute, Vol. 67, December 1970,
pp. 993-995.
4. Cornelius, D. F., Franklin, RG E. and King, T. M. J.
tiThe Effect of Test l-lethod on t11e In.direct Tet1sile Strength
of Concrete", PRL Report LR 260, Road Research Laboratory,
Ministry of Transportation, Crowthorne, Berkshire, 1969.
5. Fang, H. Y. and Chen, W. F.
tlNew Method ·for Determinati.on of Tensile Stren.gth of Soi1s ll ,
Highway Research Record 3~.5, lIighway Research Board, 1971,
pp. 62- 68.
6. Dismuke, T. D., Chen, W. F. and Fang, H. y~
'1Tensile Strength of Rock by the Double-Punch 11ethod ll , Rocl<
Mechanics 4, Springer-Verlag, October 1972, pp. 79-87.
Fig. 1 Test Set-Up for the Double ·Punch Test
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Fig. 2 Example of Double Punch Failure Mode
Fig. 3 Improper Failure Mode in Double Punch· Test Due to
Very Rough or not Parallel Top and Bottom Surfaces
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